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(57)Abstract: 

PURPOSE: To provide a semiconductor laser which can 
oscillate at the exciting wavelength of an optical fiber 
amplifier and has a narrow vertical radiation angle and 
high reliability of a stable lateral mode even at the time 
of a high optical output and a semiconductor laser 
epitaxial crystalline laminate used therefor. 
CONSTITUTION: Low refractive index layers 4 and 12 
having lower refractive index than those of upper and 
lower clad layers 3 and 13 are provided between the 
layers 3 and 13 for holding active layers 7 and 9 and 
upper and lower guide layers 5 and 1 1 provided between 
the clad layers and the active layers. The upper and 
lower clad layers and the upper and lower guide layers 
may be vertically asymmetrical with respect to the Al 
composition or the thickness. 
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lii:rWiaStt»<tcOfWlz-tti-ftLKItt.*Lfc±ffll:bV K 
lWIH±a5^7^-> K)ii:fIIE±«5*V KBirroWfcJ:!/*! 

AixGai-x A sA^^>^^^ta)■eS)y s Mia±SB*fc 

liTW^^-f KHttA I y Gl-y As (y<x) t^^ti^ 
=t(7)tffcy , fJIBieBtff^liliA I 2 Ga1-z As (z 20 
>x) 7!)^t,^i:'5tro-C*-5Ci:$!tfa<^:•r■5^j»«:^- 

[«*iS3] »*gi2is«a)#i»<*u-ifxe^+v 

A';^ilfga8^)i«;l::fcL^T. lirrIB±«|5**-f' KBtStilETas 

i»ij»«:U— tfxtf^^v-v;u*gSa)l<*= 30 
[M*«5] »*]S2K»S<D^S»i*:U-Hfxe5i^v 

ijijllt*: u— »f X If ^ 4^ V -v ;HsgSia)lt*o 
C«*iS6] l»*qi2ie«SOi»ij»t*:U'— (fxt°^4^v 
■v;HS*W/ii*lcfcl,xr. ffIIH±«P*V KBirfllHTffll 
*VKlli:l±, •€-OTJI^?A<*tE-5>C<!r^««i:-r-i.#» 
ft; Lx— tf X e ^ 4^ V A" ;ujSS«)»(*o 

[»*«7] H3Rg^2^ft^L6fl)L^■r4^A^«)g^(z^HK 

tfxe^+v■v;^tSSali^*lcfcL^•C. fl 40 

ta#)ili I nA<1 X 1 Ol9~2 X 1 O20 c m-3 (7);UtT? 

K-^^^x. l!^Ite=&l»A^t,^^i>8l)i^♦:l^s^rElSH 
I n ailS^*-r -5 I n a K-:^G a A s 3l«±(c|8:lt 
f> ti ;r i: * t U— »f X e 4» -> -V 

1 0 O O 1 ] 50 



^jt^ri'Aiatsssffliijejtasatt/icsHG (5tif52K 

lO O O 2] 

5 5A/m«-c*ro«)f^7!)<Bil!6-efe^fcto, itififl 

1. 4 8;/m, O. 9 8A/m, O. 8 2 m1(f A<<*|5f ^ 

:7-y^k1ft37r'r/^*ffli^t=i. 3/ymllf*:7T'('/<it« 

filjRftlil. O 1 7 /ymTte-S. O. 9 8x/m^|f 

HtrfcU, 1. 5 5/im«3t7T-r/<lt««®I!lfijft» 

[0 0 0 3] fkifi, laaics^-r.fca'tflifllii^lt 

OI nGa As)i^Stt)ii:-r-SS«^#PU-+fA<. 

0. 9 8/im/1. O 2 //mU— +F7!l<IRft^ixrL>S 

- K:7 T -< / <l*Jl=3t A<+»jS^ L ncLN i: L^ 3 Pp1HA<* o 

[0 0 0 4] vV-ifJU^- K:7T'r/<i:<753tjg^Sfl^S 

K)i<7))aS*^j§tt)iroStfr^(c^fi^ltSA^. fcS 

1. M±Stt)1^5*<-r-Sci:-c?, jgttli'^rojtfflCiiift* 
«tf)§Ci:lzJ:y3iaT?#-5.« c;h,Sr-©«l=ftt* J: 
y. jfeSEKcStft 2 3 ° 3tu:i-if#14SlS 1 OOK, 

[0 0 0 5] 

[«?BA<«3tLJ:5<!:-r^KHl *3BB^roe Mli, O. 
8 6|/m~1. O 7 //mflf. !f#|C-KftO. 9 8 y m3fet/ 
0 2/im-e3B«L. 2 0° JilTrojfcSlEttS^ft* 
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[0 0 0 6] 

KJi<!:l|iIfHSttlit(0!«l::^*v-f*i.SltP.+L 

mtzTtn^'f tomtit, -f-tu^ttiaeroiy^'y k 

B .fc y BtfT^O/h* lMS)B«f m«A<Rl+ ^iKfc c t 
»i:-r-i>o 

[0007] zc-e, Ett(D4iai<*u— tfxe 

=fe,-)i<D 

[O O O 81 

In^^Gaj.^As (0. l<a<0. 4 ) M^^^a 
[0 0 0 9] 7!)\t.J^C«)t,(35t?fcy, flfltB±«P*fcliT«B 
KliliA I X Gai-x A s*Mi^i:-St,a)t?$>y . 

«rfE±aP*fcl±T»*V K)1I±A I y Gl-y As (y< 
x) t^e,tj:^=t<OX-^^). MIHffiJStfT^liliA 1 2 Ga 

1-z As (z>x) A^b^^•5tfl)■CS>o■C^,J:L^ 
10 O 1 Ol ^t:, ±T<D^7=7^V KJlCDA I «a^A<^t*t 

[GO 1 1] fi-Blil nj!)<1 X 1 019 ~2X 1 30 

O20 cm-3«ilSt? K-::>'*n, A^O, ffIIE=&li)!)vC><£ 
■5«IH*l±m«aiSffl(D I nJl«if :S-r-5 I n 3 K-::^G 
a As«tS±lr»!ltt>+L-Ct,J:L%o 

[0 0 12] Sfc, W*Ii8tS«(0»B^li, itt»tt:U- 

*t: C i: * <f « i: -r -5 1 © -C * * 
[0 0 1 3] 

[f^ffl] :*^«IB(Di»i»»:xe'SJ + v-v;ujSS«)Sf*lcfc 
L^■CI±, •j7^-y KB^^V KBi:<»WI-^7 7-;' KB.fc y 
ISIfT*<D/h*U<K)a»f*B*»AUt=Ci:l;j;y, jgtt 40 
B'^rojtBllSjiift^^TtllJnS-fi-. fc-5.LM±ST<eT^ 
■a--5SflElcffllx/j:A<t>. ^7^-:; KB'^fl53ta>*U(Di6«t 

Bjfie505tP=nU.2.^iftl^i^i:^i:'^^k^■ti:n^L^**, •^^ 
■V KBia:^*-eit(75*u^£LS»l(IBiL«jt«Ht*ffi:*;-c 

[0 0 14] -llftir, ISS4«ffiA^bi*J»S?*tfc3t(*. EJ 



[0 0 15] cc-e. ififillHtii, ififtiMirii. ift«if 
c*iit, xy-y h(cj;^[5itfT«iro«*.!:-si-r'S. 

y KA<:^#i-J-*t(illt(f tt:** < . ;^ y hA</h* It 

[0 0 16] i&Bmmm^^^^mm.fz)]a^. ± 

T<DBtlT*5^^tiO>lt*t«;«ii^»A-r'5>;i<blcJ:y. it 

*^-#pBA^bSCHBfe-5LN|±;^f'r KB'^eTrP)-^ 
If. ^SiSIKI=<t:-S>S^<b (COD : Ca t a s t r o p 
hic Optical Damage) C t 

A<-C#, *fcffiBST*Ba)S«|-J:y, S«3Stllf^B#. 
+ y Tro:l--/N*-:7 P-lc J: ^3fetB;*Dit#tt'*^kta« 
*4x^o tSoT. <6JaSf^Bi:l^?rt«;)S»f*«jftlc<fc 
y, SitSfctt!!t#li:SSLfc«Jttti*«)f*A<Rl«6i:* 

•5) o 

[0 0 17] ^blC. Itte<h: LT I na K— ::^n-Ga 
[0 0 18] 

[|g«£«] JUT, SIffi^#raLT*fm«a)3IJteW«-K^ 

[0 0 19] («1||J6«>J) glKT) (a) (i*«8^r^$) 

«^5F-rB5fffiBl-efcy. (b) li (a) <7)«itf:itelt^ 

T. Ilin^ -GaAsXte. 2 (i n * -GaAs/<»:/ 
:7rfli. 3lin -A I X G al-x A s ^ ^ 'V KJf (TftJ 
Kli) . S^JcfclXl 1 A I z Gal-z Asif^ 

OltA IGaAs SCHl|(SCH:Separat 
o— Conf Inement— Heterost rue 
tare, A I G a A s : A I MiSitIi 0 A^ Kj» 

aAs/^'JTB (A I ffljS;lisCHll(t:*LU3!)^^t:zli 

[0 0 2 0] 
[^3] 

[002 1] mx[tzmm^^Rt!h^t<^ mmt^i^ 

Sm(Dmmr^M^b-^tfi<-C^^) . 13lip-Alx G 

ai-x As^^«:;Kfli (±»^v':^K)i) . 1 4lip^ 

-Ga As^-V^y::^IiT*&^o :*;3|ffi{5lJ(Di^iaH:t;xe^ 
^v-ViU*Sfi«li*i::fcl^Tli. ±TO'^v KA l x G 
al-x A sJi 1 3fcci:l/3 ^±T*V KA I y G al-y 
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A sill 1 ^^US t(D^{z^^(D<? KJicfcy a I 
fflfiK<D:^#L^A I 2 Gal-2 A sffiHtlT*)! 1 2fc^t/ 

^^mt-t^o ±tB;^V KBa^ff^dg lio. 1~0. 

O. Bumt^^^o m2\Z^ \tW:Ofzif^. ±K^O^O 

[0022] m^(D (a) {Z7riLtzm^^mm,'r^fztb 

\zit. xtf^+v-v>HSiiJat»»tl (MOVPE 

T?filcftf4o ASW>ti:flt<t LrTSP^^'V KHSfccfci; 

±ai^^^V Kli 1 3 ^(7)A I Mfitx ^O. 15-0. 3 
5|/mi:L> TfflJ:^V KB 5 J:i;±ffl5:^V KJi 1 1(7) 
AlSffliSz^O. I-'O. 3jUmi:L. nK— /^>hi!: 
LTSe. S i ^^TSP^^^V KI13. TfiPi£SlJf*« 
4^J:UTmif^ K|i5lC5 X 1 017 cm-3|iS 
-t^o p /<> hi: LT 2 n. Mg, Be9^^ffiL^. 

±»:^3V KB1 1. ±»<£®Sf^»l 2*5J;l/±»^^ 

^> KB 1 3(C^tL-F;h.5 X 1 017 cm-3^JS K-Z^-f 20 

-So T«|5:^V KB5fcJ:U:±fflJ^V KB 1 1 it'tti'eti 

n fc^i^iip ^^eai« K-:^-r*3b^, fc«>u(±T v k- 

:/-effll^btl^o ^/r. O. 98/im/1. 02/imt? 

[0 0 2 3] 
[^4] 

[0 0 2 4] a:) I nmj&^a^^uw^ t\t. 9^mmt 

Lr-€*tL-ftLar = 0. 2, t = 1 O n m*fcl±ff = O. 

3. t=7. 5 nmct-r^o ^•V^y:/Bl 4fZfi;i-— 5 30 

•;/^«8i$^^^yrd6 5 X 1 0^9 cm"3ja±<^Z n*<7>p 

K-/^> hcDKaiS K-::^*tT5o 
[002 5] *gftfiE«coa. ^^r^ym (=iv^^ h 
B) 1 4^o^t^^^^:; KB 1 3 ^iinxLT. msiZTF-r 

ct a ^^cfW 1 . 5-3 iwtia[<7)'j ^vvs-ff^fiic-r^o 

^^<7>X*y^>yT?=]>^^ KB 1 4teJ:t/i:7 KB 
1 3^x*>5=->^-r*o 3?*l*«^-K*%J«Lri«;:3^ 
^-K;^)<3ifc/d:t^«sBTf3t^S*L. ±S|5<fiJB9f¥B 1 2 40 
fc^l^(i±ffl5:^V KB 1 1 ^r*x^y^>>/-r'&«^tfc 
-So vx^S-*J«tL. 'J>^* 

-ejfi«ai 5 CS i 02 . S i N*) ^affi^«:fC}f^lS 
L. U v±«5(7)|fe«BS^x^:;^:t:7Ltr9^. 'J^yvii 
«Prf3<^t/*fe«HI1 5«ffilCC r/A i fc^lNliT i / P 
t /Au*a)p««1 eSJ^jat-r-S^t^^dn* -CaA 
s 1 O^T® A u G e N i *(D n 1 7 ^ff^fS-T 

[0 0 2 6] nsfc. *3l«6fliJ-eii. JB»T*»3Kfll36^L 50 



[0 0 2 71 lil4|r^**<D<£SeT^B***?SL>^»* 

L/-ifxe^:^^v-v;u«it**t;*»f*u-if(7)3i3eK 
P^-eco3t3?-r-juK5^^ (isastfi) a)«*^xL. @5 
^:l:*^^0^o)^eel^T*B$•^*^t£fll5£^'^t;¥»^*u-^f 

(7)»;mi^r*CZ)3t:7^-JUK»flT (7)#ij*7F: 
fo El5lcji^-rcfcaiz**^rMijfiJB»f*Ba)»AfCc*: 
y.^ttB'^<D3tt:l5Bi:i^AI±S^«»x. }!)^oSttB*^t,^7 

KB--^7)3t<7)L-5^t£L^i«:^Lrl^-i)C<^;^)<5^^;{)^ 
-So ia6fcj:u:E]7(i-e*i-F;tx(7):7T-:7-r-;u K/^^ 

^^*fll^rti(i2 3° 3fetf^l::i 3" t?fe>5,. EI 7 (c^v-r<*: 

o\z^ ^mmm-Qi^. \m^mm(om^x\z^^}^ z?^- 

;uK5^fli*<j£)!)^y. S^S^S9^^l7!)M&M^tlTu^^c<^A< 

[0028] 080? (a) IC5^P^ i: 52,^6 <t Sit 

ft^|i:(7)|ia«^^L. (b) lz*SL*l^fliMt/(::»#tt 
iajS(DI»«a)3IRJS*^^F-rc El 8 0) (a) fcj:t; 

(b) 4^(c^,aNT3fciEn*<*«wa)j|g^i?fc^o ^feP^cii 

5^';£»^^o (b) \ZTr.-r^o\z^ L#L^flla);aS^# 

ttfZfcLxr. «Stff^B)!)<^fU>il^fCit^. 6 0°C].U± 

m^m<nn^\z^i)^ ^-v'jtco<7^^>» K-v(7)Sft7r-/^ 

[0 0 2 9] U tfa?7K¥jBc*tftfiU *:/v 

j&iJt^<Dlt («fRi±) ^t^£^(7)2-3(7)ftfClt'^. 1. 

2-2gS^r:^itiSlc-(£3«-i?^;^7K^> hc7)JtR^t:A<I2] 

v>^f;u^-K37T-</<^(7>*g^^tSiI«c*t*aft 
^6J^^ila)^E£3^<bfcl^*or 7 0-8 o%(Dt(r>A<sa[z 

[0 0 3 0] \>lAL^^tz^o\z^ :*i3lffi«lcJ:tL«. A 
**(7)0. 9 8//m/1. O 2 jUm«-e3fejIflrfCie^«>E»: 

« tits r -< / <Efeeffl u-+f ^ (c^l^-r? ^ o 
[003 1] (« 2 UttffJJ) H 9 (d::*:ft0^a)4i»«: U- 
ifxe^^v-v;u«ft«B»<7)«2a)*jS6«tI^jfv-rWfffi 
ElT'fe^o *lfette«ii-c?(i. TW^^^:;KB3. TW^S® 
tlf^B4j3J;r/Tffl5^V KB5(7)S.A I ift&«;!)<Jiffl?(7)«- 
Bl 1 -1 3(^A I *&jS;|cJ±-<^£<, ^fr. ji£JStff*B 
4fcc):l/l zmS\ziS^ KB5fc<i;t/l 1 Bt»lcolNT 
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[0 0 3 2] *3^sfi^j-e(i. ^<D^^mmm\zit-<. m 

[0 0 3 3] (lg33^Sfe{5li) 1211 0(D (a) li^^B^O) 
^.Tt-TBrffiEI-Cfey. (b) li (a) (7)«itf^fclt^A 

I mf^t I n*a/iit*^"r^=^:7-efc^o **jte#«i-cii. 
I n=i K-:/G a A s»*5i 8±ir:^)ii n K-::^**^ 

wn^+LTLNio eai 0 0) (a) -eii. 5fea)«i*J£«ii 

<Dxe^^v^JHtiI*7fv-rA<. «23lt6«(7)xtf^^ 20 
VA';U«jSa)gtl»tt:^ I n =1 K— a A s Sffi 1 8± 

tUl^o :^^mm\zmi^h^^ I nZJ K— ::/Ga AsXtS 

[0 0 3 4] *JtlfeffJCDfl|jftli. U-if i: LT(7)3tili* 

n\?L. I n =] K-::^(3cfc^^ 'jx^yu/N- K-v^Sft* 

[0 0 3 5] 

ifxe^Ji^vA'JU*gaaiH*(i. Kli<t:bV KB 

ib:(75fWlc. -C^^^v KllJ:y^ejSfiT*3tj:li*»ALfc;ii!: 40 

iSM. e-ACD«Hit<7)aJt«lcj:y. m!SMi::3ft#^;tx 
-5)0 ffiSftT*ll(D/<'JrS!j»(cj:y. XmxiKl!) 



[011 (a) l±*ieiH<04i»t*:L/— tfxe^^->-v;U 
li (a) a3»lifi(cfclt.SA imfiEi: I nfflfiJc^^-r-S^^ 

[0 2] (a) i±«3iEa>itiWt*:u— tfxe^»+->-v;HS 
swiii*<DBTSia-efcy, (b) i± (a) (DWifiicfcit 

[0 3] *fglS«)#3»tt:U— tfxe^«4r->-v;HSSiai« 

(0 4] fiejufifltDxe^i+i^^vHijfi^w-r-s^sftu 

— tf OSJSttli * * It? t -r 4 » <D3t?tHE«-^|itt» 

[0 5] (OX e^+v/-v;Hiit*^-r -5 

— tf a>5Stt)i * + '0 i: -r -5 5iK»l*5 ©3fe!* flE5i-?Stt» 
[0 6] m4 0i&^m»i~1^^Ltz&^¥f» (IfKft) 
[07] m5(Di&»¥Ht{zMt5.Ltz&mSit (ttXit) 

[0 8] (a) itiftwiC'j</!btmt^mm.Wiiitn(DKm 

^^-r^^^^-efcy. (b) (±3feBni:ji40flS»i:L#l.^ 

[0 9] (a) l±:*;3EWa)^a»«:U— tfxtfiSi4^vA';U 
«S«)H*<D«2(D3l«Efill^^-rBFffi0T?fe-3T. 

(b) I* (a) (7)fl|jfil-i3lt4A I t&^t I nfflfiJt^Si 

[01 o] (.a) it:^nm(Di¥-mi*^ly—V:i^tf^^iy\r 

**l.t=U— tfxefltjt^S^L, (b) l± (a) <D«ljtl- 

[^^OSftB^l 

1 n* — GaAs Jfeifi 

2 n+ — G a A s/^-y Z'ril 

3 n - A I » G a 1-x A s ^7 ^ KB (T«li<7 =z> V K 
») 

4 n-AlzGal-i As iSBSf^Hi (TS|l<eJB«f 
IS) 

5 n-Aly Gal-y A s KB (Tffl:*J'r KB) 

6 A I G a A s S CHfi 
[^5] 

7. 9 1 n^Gaj_QAs«^#^® (S'ffiJi) 
8 A I G a A s/<'J TB 
10 A I G a A s CS HB 



(6) 



1 4 




1 6 




1 6 




1 7 




1 8 






(b) 



-^■3:p-A/ Ga, Ac ^- 

^^..p-A^Ga-'f 
i?M/SaA^f^i?^r^^'* 

«*'A.GaArVcH;*^*^^^«* 



(a) 




f®3J 

i^rp^-GaAs ^^.^^^ 

ii;;>Af^-^^«®*^*« 

2:n^-GaAs >v.>^^;, 
i'n^-GaAs 



I 
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[BI21 



.14:p*-GaAs ^^r i/'fM 
.13;p^At^Gai.^As ^ KB 

11 sp-AJ^Gax.yAs iJ-Y Kit 



".1 



^ 10:AIGaAs SCHW 

- g . AlGaAs i\*)ym 

As «^#p;S15)i 




Y[ 6: AlGaAs SCHS 

5 ;n-AlyGai.yAs :^>< KJl 

^3 :n^AI^Gai„^As ^^^y Kfli 



S^2:n^-GaAs /Xy:7 7Ji 
1 : n^~GaAs Xfe 



(b) 



(a) 



14] 



[@5l 




SIS (/t m) 
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[08] 



id 
m 





































O 















200 



-.C 150 



of 



t IJ 2 iS 

(a) 





f I r' ■ 1 1 1 1 1 

♦ Iih({£3it^> 

1 








O To(:^5l 


my 
m) 


o 

o 








i 










r~o ' 




♦ 



0.5 1 1.5 2 

(b) 



2.5 



[il9] 





.14:p^-GaAs +^>y>^JI 
.13 :p-AI^6a^_^As > h'Ji 

12 ip^Ai^Ga^^^As i&m^frmm 

lllp^AlyGa^.yAs Kil 
10:AtGaAs SCHfl 
9 : in ^ Ga i_ ^ As Jl^?+Fatt« 

^8:AIGaAs yWTM 
^^7 : In ^ Ga i_ ^ As «^#p}St±» 
6:AIGaAs SCHS 
5 :n-AlyGa^^yAs K« 

4:n-AI^Ga^_^As i^mfi^m 

3 :n-AI^Gai_^As ^^ yK» 

2 rn+^GaAs /\yyTm 
l:n+-GaAs »te 



(b) 



(a) 



(9) 
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13 :p-AI^Gai.^As ^^ y\^n 

12 :p-Ai^Gaj.^As i&mmmm 

ll:p-AlyGai„yAs yf-T K» 
lOtAlGaAs SCHil 
9 iln^Ga^.^ As «^#p;S14JI 

8:AIGaAs js^JTM 
7 :in^Gai_^As 

6 : AIGaAs SCHM 

5:n. 

4 : n- 

3 



-AlyGai yAs >3V H« 

-Ai^Ga^^^As i&mvimm 



-Al 



Ga i_^As 



2 : n^-GaAs /^ ^T^yJl 
^18:n+^GaAs St&(In=i K-P^) 



(b) 



(a) 



